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Ill  von.luvt  I  in*.  tin-  t  i- Si-.  1 1  i*  li  .losv  i  t  l*o.l  In  this  t  opot  t  .  tho 
i  nvost  I  »*.it  i'i  .i.thoio.t  t  «*  tin-  "ilul.li-  I  *m  I  .tl-«»r.tt  iM'v  Anim.il 
K.iv  1  lit  ii-s  .iii.l  ('.Hi-."  .is*  pi  own  lir.it  i*il  l>v  tin*  CoMiitti’i-  on 
tin-  tin  t  .!«•  t.*i  l.il'.M.it  .'I  v  Anim.il  K.ivt  lit  i  i-s  .in.l  i". in-  i*|  tin* 
llistltulo  >>t  1 .1  l».»i  .it  «»i  v  An  i  mil  Kosom  vos .  N.itl.'nil  Av.l.lomv 

.*1  Si-  i  onvos  -N.it  I  «»u.i  l  Koso.i  t  .'li  t'.ninvH. 


AliSTKAOT 


lln-  Alt  t«-.  in  strain  »*l  t-lilkunj-.unv.»  virus  was  nso.l  t  .*  intovl 
nowhotn  ntvo.  .nnl  tin*  .-rnti.il  norvons  svst  «*m  was  i*x.im(nt*»l  In 
tin-  i-  It*.- 1  i  on  mi  i- r.’si-.’t’t* .  I’rovl  **ns  lv ,  It  was  s!i.*wn  tli.it,  with 

tills  virus  sti.iln.  hist  olov.lva  I  vhati*;os  In  sn.-k  I  i  in*  nilvo  von* 
sisti-.l  pi  ltii.ii  I  lv  .*1  novrosis  >*t  nvnr.’ns  In  tin*  vorohra  1  vortox 
•in. I  spin.it  vor.i.  In  tin*  proscnt  stn.lv,  iilti.istriivtiii.il  vhanv.os 
won*  (.  'iiii.l  «*n  l  v  in  tin*  vorohra  1  vortox  an.l  spln.il  vor.l,  Klootron- 
ilonso  p.utivlos  wort*  soon  In  tin*  oxt  f.ivo  I  In  l.ir  sp.ivos  .*t  tin* 
nontoplt  .iii.l  within  .ix.ni  tihors.  A  snl»t  It*  vh.inp.o  in  tin*  toxtnro 
.*1  tin*  vvt  .'pl.isml  v  snhst.mvt*  an.l  .i  It  oi  .it  I  «>ns  «*l  tin*  on, lop  l.istnl  v 
i  ot  i  vn  I  mu  won*  ohsorvo.l  in  nom.nis  .nnl  glia!  volts.  As  with 
lissm*  .-it  It  ini*  volts,  tin*  on.lop  l.isml  v  rotivulimi  appoaro.l  to  l*o 
tin*  ituiii  oi  i*.uit*  I  It*  tnvolvo.l  In  virus  ropllv.it  ton.  Tin*  vloso 
.issovi.it  Ion  .*t  i*  loot  ion  “tlonst*  p.utivlos  with  this  momhr.mons 
stiuvlnio  .nnl  lln*  prosonvo  .*1  nutnro  vims  p.utivlos  within 
(In-  on.lop  l.isml  v  rotivulnm  von  »*h«*r.it  o.l  tin*  1  i  ml  I  iu-s  in  tissno 
vu  It  nt  o.  Tho  viral  von*  is  apparont  lv  .issoml*  lo.l  .it  tin*  on.lo- 
pl.ismtv  i  ot  i  vn  linn,  .in.l  tho  vtr.il  voal  is  lormo.l  1 1  >*m  tho  vollnl.ir 
moml'i  .ini- .  whi.'li  is  ponoti.ito.l  I*v  tho  virus. 
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Fl.KfTRON  MICROSCOPY  OF  OIIIKIKCUNYA  VIRUS  INFECTION 
IN  Till-:  NERVOUS  SYSTEM  OF  SUCKl.INO  MICE* 


Chikungunva  virus  (s  .in  arbovl  rut*  olwr.icli'ilri'd  .inti^rnic-illy  as  belong¬ 
ing.  in  group  A.  It  Is  the  etlologlc  agent  ol  a  dengue-llke  disease  and  has 
been  Implicated  In  epidemics  ol  hemorrhagic  lever. 

Mu  It  I p 1 1  cal  I  on  at  the  virus  Is  possible  In  various  tissue  cultures. 

A  tet  h.i  l  intect  loti  Is  produced  In  newborn  mice  but  not  in  adult  mice. 
Although  a  viremla  develops  alter  Inoculation  ot  other  rodent  species 
and  subhuman  primates,  no  signs  ot  Illness  are  seen.  For  this  study, 
li iters  o(  newborn  mice  were  intected  Int racut ancons Iv  with  1  x  10 ' 

SMIC1.I\.  of  t  he  'African- st  rain  of  chlkungunva  virus.  Inoculated  and 
coutiol  mice  were  sacrificed  daily  lor  '  davs  alter  Inject  Ion  ol  the 
virus,  and  tissues  were  prepared  In  the  usual  manner  lor  examination  with 
both  light  and  electron  microscopes. 

Multiple  cross  sections  ol  the  suckling  mouse  were  examined  with  the 
light  microscope.  Morphologic  changes  that  could  be  observed  with  the 
light  microscope  were  limited  to  the  cent t a  l  nervous  svstrm.  The  most 
pt  eminent  changes  observed  were  necrosis  of  neurons  (Fig.  11  and  a  mild 
vasculitis  (Hg.  ’1.  The  vasculitis,  which  consisted  ol  endothelial 
proll tern! Ion  with  a  mixed  Ini lammat orv  Infiltrate,  appeared  to  precede 
the  neuronal  changes.  These  lesions  were  seen  in  the  cerebral  cortex, 
basal  ganglia,  and  spinal  cord.  In  the  cord,  motor  neurons  were  more 
Ireqtienllv  Involved. 

The  eat  lies!  changes  observed  with  the  electron  microscope  were  In 
sections  ol  (Issues  obtained  on  the  4th  dav  after  In  lection,  1  day  later 
than  changes  seen  bv  light  mlcroscopv.  Some  sect  ions  ol  the  cortex  and 
spinal  cord  contained  neurons  In  which  the  cvtoplasmtc  structure  was 
alteied.  At  U*w  ttugn  1 1  1  cat  I  ous .  the  evtoplasmwas  dense  and  the  endoplasmic 
tet  ionium  verv  prominent  (Fig.  O.  At  a  higher  magnt t leaf  I  on ,  numerous 
spherical  particles  were  seen  surrounding  portions  ol  the  endoplasmic 
tet ten  turn.  Some  were  scattered  randomly,  others  were  arranged  in  an 
ordet  lv  pattern  throughout  the  cytoplasm  (Fig.  -.3. 

The  perivasculat  changes  noted  In  light  mlcroscopv  were  confirmed  bv 
electron  microscopy  (Fig.  ■»!.  Perivascular  edema  Is  evident  and  one 
nionmmcle.it  Ivmphoevte  Is  located  In  this  spice.  The  cvtoplasm  ot  this 
glial  cell,  shown  In  Figure  (».  Is  morpho  loglca  l  lv  «pille  similar  In  appear- 
ance  to  that  ot  the  Infected  neuron.  Note  the  arrangement  of  the  particles, 
i  !»«- 1 1  dt  st  i  I  but  ion.  and  the  vtrus-ltke  appearance  ot  the  particles,  which 
is  ipitte  evident  tn  the  thtee  vesicles  tn  the  center  ot  the  I  tgurc.  This 


A  This  tepoil  should  not  be  used  as  i  literature  citation  in  material  to 
be  pub 1 1  shed  (n  the  open  literature.  Readers  interested  In  referencing 
the  tnlorm.it  Ion  contained  heteln  should  contact  the  senior  ant  hor  t  o 
asceitatn  when  and  where  it  iwv  ap|var  tn  citable  form. 
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is  consistent  with  the  morphology  of  arboviruses;  namely,  a  dense  core 
surrounded  successively  oy  a  light  area  and  a  darker -appearing  structure, 
the  membrane.  The  size  of  these  particles  (60  nm)  and  the  cytoplasmic 
changes  are  identical  to  those  seen  in  tissue  cultures  infected  with 
chikungunya  virus  (Fig,  7). 

All  cells  we- not  as  extensively  involved  as  those  shown  previously. 
In  some  neurons,  there  were  just  a  few  clusters  oi  particles  (Fig.  8), 
and  in  others  the  only  evidence  of  virus  multiplication  was  the  presence 
of  mature  virus  ui  v^'lcles  (Fig.  9).  Occasionally,  structures  compatible 
with  mature  virus  were  seen  in  axon  fibers  (Fig.  10). 

The  nature  of  rhe  neuronal  alteration  was  the  same  in  the  cerebral 
cortex  and  the  spinal  cord.  Myelinated  fibers  were  found  in  sections  of 
cord  from  mice  sacrificed  later  than  5  days.  In  a  few  instances,  lesions 
involving  these  myelinated  fibers  were  seen.  The  nature  of  this  type  of 
lesion  is  seen  in  Figure  11.  The  continuity  of  the  myelin  sheath  of  this 
fiber  has  been  destroyed,  the  cytoplasm  of  the  Schwann  cell  contains 
various  large  inclusions,  the  cytoplasmic  integrity  of  the  surrounding 
glial  cells  is  altered,  an  inflammatory  infiltrate  consisting  of  neutro¬ 
phils  and  monocytes  is  present,  and  mature  virus  can  be  Been  (Fig.  12). 

These  data  show  chat  the  in  mlation  of  newborn  mice  with  chikungunya 
virus  produces  an  encephalitis  that  primarily  affects  the  cerebral  cortex 
and  spinal  cord.  The  virus  multiplies  within  the  neurons  and  glial  cells 
of  these  areas  in  a  manner  identical  to  that  seen  in  L  cells  maintained 
in  culture.  Mature  virus  was  seen  within  cells  of  the  central  nervous 
system  as  well  as  extracellular ly. 
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FIGURE  1.  Section  of  Cerebral  Cortex  Showing  Neuronal 
Necrosis.  Hematoxylin  and  eosln.  ca.  875X. 


FIGURE  2.  Section  of  Cerebral  Cortex  Illustrating  Vasculitis. 
Ilomatnxvlfn  ami  eosln.  ca.  H/5X. 
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FlOWn  V  ('toss  Sort  inn  ot  Sm.i  1  I  Blood  Vessel  in  Cerebral  Cortex 
Tlio  per i visit  l.ir  space  contains  .1  histiocyte.  Note  granularity 
of  the  e.ll. 1  I  cell  in  lower  center  of  the  photomicrograph. 


FIGHtE  7.  Tissue  Culture  (Moure  L  Cell)  Cell  Infected  with 
ChlkunRuny.i  Virus.  The  nppeurince.  site,  .ind  location  of 
the  virus  ,ire  identical  to  those  seen  In  itll.tl  cell*  and 
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The  African  strain  of  chlkungunya  virus  was  used  to  infect  newborn  mice,  and  the 
central  nervous  system  was  examined  In  the  electron  microscope.  Previously,  it  was 
shown  that,  with  this  virus  strain,  histological  changes  In  suckling  mice  consisted 
primarily  of  necrosis  of  neurons  In  the  cerebral  cortex  and  spinal  cord.  In  the 
present  study,  11  It rastructura  1  changes  were  found  only  in  the  cerebral  cortex  and 
spinal  cord.  Electron-dense  particles  were  seen  in  the  extracellular  spaces  of  the 
neuropil  and  within  axon  fibers.  A  subtle  change  In  the  texture  of  the  cytoplasmic 
substance  and  alterations  of  the  endoplasmic  reticulum  were  observed  in  neurons  and 
glial  cells.  As  with  tissue  culture  cells,  the  endoplasmic  reticulum  appeared  to  be 
the  main  organelle  Involved  In  virus  replication.  The  close  association  of  electron- 
dense  particles  with  this  membranous  structure  and  the  presence  of  mature  virus 
particles  within  the  endoplasmic  reticulum  corroborated  the  findings  in  tissue  culture. 
The  viral  core  is  apparently  assembled  at  the  endoplasmic  reticulum,  and  the  viral 
coat  is  formed  from  the  cellular  membrane,  which  is  penetrated  by  the  virus. 
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